Video clip is available online.
Interrupted aortic arch type B is associated with posterior deviation of the conal septum 1 with potential left ventricular outflow tract (LVOT) obstruction (LVOTO) after repair, more specifically when there is an aberrant right subclavian artery. We describe a technique for direct closure of the ventricular septal defect (VSD) to realign the conal septum and prevent LVOTO. This procedure was used in 5 patients in our institution.
SURGICAL TECHNIQUE
In one stage, the aortic arch is repaired with an end-toside anastomosis 2 ; then the aortic valve is gently probed through the tricuspid valve and the VSD with Hegar dilators. It is deemed adequate when equal to or greater than 4 mm for small babies and 5 mm for babies larger than 3 kg. Last, the VSD is closed (Figure 1, A) . Preoperative echocardiographic studies usually demonstrate the deviation of the infundibular septum very eloquently (Figure 2 , A) but always undersize the aortic valve.
Interrupted 6-0 and 7-0 polypropylene mattress sutures on pericardial pledgets are used. The penetration points on the conal septum are precisely at its apex. On the inferior margin of the VSD, while away from the tricuspid valve annulus, they are on the left ventricular aspect of crest of the VSD. Close to the tricuspid annulus and the conduction tissue, small 7-0 bites are taken inferiorly. Tying the sutures aligns the LVOT (Figure 1 , B, and Figure 2 , B) and the left ventricular pressure further opens the LVOT on the beating heart. The technique derives from the description by Luciani and colleagues, 3 who used a VSD patch closure to pull the conal septum anteriorly (Video 1).
RESULTS
This procedure was initiated in our institution after we saw an early recurrence of LVOTO in a patient whose VSD was initially closed with a treated pericardial patch. At reoperation, 20 days after the primary repair, the patch was removed. The defect was then closed with interrupted sutures, correcting the LVOTO.
Five patients have undergone this procedure in our institution since 2009. Median age was 5 days (range, 4-18 days), and median weight was 2.9 kg (range, 2.8-3.3 kg). All patients had interrupted aortic arch type B, and 3 had an aberrant right subclavian artery. Three patients had a 22q11 microdeletion and 1 had a VACTERL association (vertebral defects, anal atresia, cardiac defects, tracheoesophageal fistula, renal anomalies, and limb abnormalities). Median aortic valve diameter at birth was 0.46 cm (range, 0.42-0.58 cm), and 4 patients had a bicuspid aortic valve. Median hospital stay was 16 days (range, 11-29 days). All patients are currently alive after a median follow-up of 6.1 months (range, 2.8-39.5 months). The first patient was reoperated on for a LVOTO resection 1.6 years after the procedure, with a residual peak gradient of 19 mm Hg after 4.3 years of follow-up. The remaining patients had an unobstructed LVOT at last follow-up. In addition, 3 patients had a trivial residual VSD during the early postoperative period; none, however, had a residual VSD on the most recent echocardiographic study.
DISCUSSION
Many strategies have been described to prevent a LVOTO in this anatomic setting. 4 The Damus-Kaye-Stansel anastomosis is included in the Yasui procedure to bypass the LVOT. 5 A univentricular approach with a Damus-Kaye-Stansel has also been described, either as a temporary measure to allow for growth of the LVOT or as a permanent bailout procedure. Other, less aggressive strategies include the risky attempt at resecting the conal septum. These radical approaches have been devised on the assumption that the LVOT was a fixed setup and a combination of small aortic annulus and deviation of the conal septum. The LVOTO is never demonstrated hemodynamically preoperatively, because the VSD creates an unrestrictive outlet to the left ventricle, but the anatomic setup for a postoperative obstruction is suspected on the preoperative investigations. The efficacy of the approach described here demonstrates that the conal septum is mobile and can be realigned and that the aortic valve is adequate. Approaches involving VSD patches do not generate enough stress on the infundibular septum to realign the LVOT. Moreover, the left ventricular pressure in systole increases the malalignment of the VSD patch with the deviated conal septum.
The technique is simple and reproducible, and it completely relieves the LVOTO. In our unit, we have in the past also relied on other technical tricks to try to align the infundibular septum. These have included attempts at resection or the use of a smaller and slitlike VSD patch. The Yasui procedure, 5 when the aortic valve was adequate, was also used in 2 patients during the same time span (surgeon's preference), with 1 death. On the other hand, we have never used a univentricular strategy, even as an intermediate stage. 
